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CLAIMS 

1 . An organic light-emitting device comprising a light-emissiVe organic layer 
interposed between first and second electrodes for injecting charge carriers into 
the light-emissive organic layer and means for limiting4he current flow 
through any conductive defect in said light-emissive/organic layer. 

2. An organic light-emitting device according to claim 1 wherein said means are 
incorporated into at least one of said first and second electrodes. 

3. An organic light-emitting device according to>claim 2 wherein said at least one 
of said first and second electrodes comprisesra plujallfy of layers including a 
first electrode layer adjacent the surface op the light-emissive organic layer 
remote from the other of the first and sedond electrodes and having a resistance 
selected such that it is not too high to cause a significant increase in the drive 
voltage of the device, yet high enough to prevent excessive currents at any 
conductive defect in said light-emisfsive organic layer. 

4. An organic light-emitting device According to claim 3 wherein said first 
electrode layer comprises a higll-resistance materi^l^elected from the group 
consisting of a mixture of a semiconductor material with an insulator material, 
a mixture of a semiconductor material with a conductor material and a mixture 
of an insulator material with a conductor material. 

5. An organic light-emitting device comprising a light-emissive organic layer 
interposed between firtt and second electrodes for injecting charge carriers into 
the light-emissive organic layer, at least one of said first and second electrodes 
comprising a plurality of layers including a first electrode layer having a high 
resistance adjacent the surface of the light-emissive organic layer remote from 
the other of the first and second electrodes, said first electrode layer 
comprising a high-resistance material selected from the group consisting of a 
mixture of a Semiconductor material with an insulator material, a mixture of a 
semiconductor material with a conductor material and a mixture of an insulator 
material With a conductor material. 

6. An orgamc light-emitting device according to any ppeteding claim wherein the 
first electrode layer comprises at least one material having a low work 
fiinctior 



26 



WO 00/36662 



PCT/GB99/04150 



7. An organic light-emitting device according to any preceding claim wherein the 
semiconductor material is selected from the group consisting of Ge, Si, a-Sn, 
Se, ZnSe, ZnS, GaAs, GaP, CdS, CdSe, MnS, MnSe/PbS, ZnO, SnO, Ti0 2 , 
T1O2, Mn02 and SiC, or wherein the insulator mateyial is selected from the 
group consisting of an oxide, a nitride and a fluoridfe, preferably from the 
group consisting of A1 2 0 3) Si0 2 , LiO, A1N, SiN, LiF and CsF. 

8. An organic light-emitting device according to anv preceding-claim wherein the 
conductor material is a ductile metal and preferply^s"selected from the group 
consisting of Al and Ag. / 



9. An organic light-emitting device according to/ any precgdfrig claim wherein the 
first electrode layer is comprised of a mixture selected from the group 
consisting of LiF/Al, Ca/Ge, Li/Si, Ca/Zno/ LiF/ZnSe and CsF/ZnS. 

10. An organic light-emitting device comprising a light-emissive organic layer 
interposed between first and second elect/odes for injecting charge carriers into 
the light-emissive organic layer and meaais for electrically isolating any 
conducting defect in the organic layer from an associated electrode. 

1 1. An organic light-emitting device according to claimJjCHv^rein said means are 
incorporated into at least one of said rirst and second electrodes. 

12. An organic light-emitting device according to claim 1 l>vherein said at least 
one of said first and second electrodes comprise^a^lurality of layers including 
a thin first electrode layer adjacent the surface of the light-emissive organic 
layer remote from the other of the first and second electrodes, the dimensions 
and material properties of said thin first electrode layer being chosen such that, 
adjacent a conducting defect irysaid organic layer, said layer will vapourise 
when subject to an anomalous/current resulting from said conducting defect. 

13. An organic light-emitting device according to claim 12 at least one of said first 
and second electrodes being/opaque and comprising^! plurality of layers 
including a thin first electrode layer comprising a low work function material 
adjacent the surface of the light-emissive organic layer remote from the other 
of the first and second electrodes, and a second electrode layer adjacent the 
surface of the first electrode layer remote from the light-emissive organic layer, 
said second electrode layer comprising a layer of a high-resistance material 
selected from the group consisting of a semiconductor material, a mixture of a 
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semiconductor material with an insulator material, a mixture aya 
semiconductor material with a conductor material and a mixture of an insulator 
material and a conductor material. 

14. An organic light-emitting device according to claim 12, comprising a light- 
emissive organic layer interposed between first and^cond/ electrodes for 
injecting charge carriers into the light-emissive organic layer, at least one of 
said first and second electrodes comprising a plurality of layers including a thin 
first electrode layer comprising a high work function material adjacent the 
surface of the light-emissive organic layer remote from the other of the first 
and second electrodes, and a second electrode layer adjacent the surface of the 
first electrode layer remote from the organic light-emissive material, said 
second electrode layer comprising a layer of a high-resistance material selected 
from the group consisting of a semiconductor material, a mixture of a 
semiconductor material with an insulator material, a mixture of a 
semiconductor material with a conductor material and a mixture of an insulator 
material with a conductor material 

15. An organic light-emitting device comprising i light-emissive organic layer 
interposed between first and second electrodes for injecting charge carriers into 
the light-emissive organic layer, at least on£ of said first and second electrodes 
being opaque and comprising a plurality of layers including a thin first 
electrode layer comprising a low work function material adjacent the surface of 
the light-emissive organic layer remote from the other of the first and second 
electrodes, and a second electrode lay^ adjacent the surface of the first 
electrode layer remote from the light-emissive organic layer, said second 
electrode layer comprising a layer oya high-resistance material selected from 
the group consisting of a semiconductor material, a mixture of a semiconductor 
material with an insulator material/ a mixture of a semiconductor material with 
a conductor material and a mixtu/e of an insulator material and a conductor 
material. 

16. An organic light-emitting devide comprising a light-emissive organic layer 
interposed between first and second electrodes for injecting charge carriers into 
the light-emissive organic laVfer, at least one of said first and second electrodes 
comprising a plurality of layers including a thin first electrode layer 
comprising a high work function material adjacent the surface of the Iight- 
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emissive organic layer remote from the other of the first and second electrodes, 
and a second electrode layer adjacent the surface of the first electrode layer 
remote from the organic light-emissive material, said second electrode layer 
comprising a layer of a high-resistance material selected from the group 
consisting of a semiconductor material, a mixture of a semiconductor material 
with an insulator material, a mixture of a semiconductor material Avith a 
conductor material and a mixture of an insulator material with a/conductor 
material. 

17. An organic light-emitting device according to claims 12^or 13^ further 
comprising a third electrode layer on the surface of the second electrode layer 
remote from the first electrode layer, said third electrode layer comprising a 
conductor material, preferably a ductile metal. 

18. An organic light-emitting device comprising a light-emissive organic layer 
interposed between first and second electrodes for injecting charge carriers into 
the light-emissive organic layer, at least one of said firsy and second electrodes 
comprising a plurality of layers including a first electrode layer having a high 
resistance, said first electrode layer having a thickness greater than the light- 
emissive organic layer, such that any intrinsic defect^ in the light-emissive 
organic layer are covered by the first electrode 1 

19. An organic light-emitting device according to clairh 18 tufther comprising a 
second electrode layer adjacent the surface of the/firSt electrode layer remote 
from the light-emissive organic layer, said second electrode layer comprising a 
layer of a conductor material. 

20. An organic light-emitting device according tcl claims 19 wherein the 
thickness of the first electrode layer is in th^range of 0.5 to 1 micron. 

21. An organic light-emitting device accordingnto claim 18^vfierein the first 
electrode layer comprises a material selected from the group consisting of a 
semiconductor material, a mixture of a semiconductor material and an 
insulator, a mixture of a semiconductor material and a conductor material and a 
mixture of an insulator material and ^conductor material 

22. A method for improving the unifonmty of current density of an organic light- 
emitting device comprising a light/emissive organic layer interposed between 
first and second electrodes for injecting charge carriers into the light-emissive 
organic layer, the method comprising the step of forming one of the first and 
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second electrodes from a plurality of electrode layers including a first eledtode 
layer having a high resistance, said first electrode layer comprising a material 
selected from the group consisting of a semiconductor material, a mixture of a 
semiconductor material with an insulator, a mixture of a semiconducto* 
material with a conductor material and a mixture of an insulator mate^al with a 
conductor material. 

23. A light-emissive device comprising a layer of light-emissive material arranged 
between first and second electrode layers such that charge carriers can move 
between the first and second electrode layers and the light-emi&6ive material, 
wherein at least the first electrode layer comprises a plurality <6f sub-electrodes, 
each sub-electrode being connected to each of any sub-el ect/odes directly 
surrounding it via a fusible link, each fusible link adapted tb break when 
subject to a current exceeding a specified value to electrically isolate the 
respective sub-electrode from the other sub-electrodes. 

24. A light-emissive device according to claim 1 1 M^h«£rein said at least one of 
said first and second electrodes comprises a^lfurality/of sub-electrodes, each 
sub-electrode being connected to each of any sub-elfectrodes directly 
surrounding it via a fusible link, each fusible link Adapted to break when 
subject to a current exceeding a specified value to electrically isolate the 
respective sub-electrode from the other sub-electrodes. 

25. A light-emissive device according to claim 23T or 24)yfferein the plurality of 
sub-electrodes are arranged to create an ordere^afray of parallel rows and 
columns, and each of the sub-electrodes ^connected via a fusible link to each 
of any sub-electrodes directly adjacent to it in the same column and row. 

26. A light-emissive device according to ady of claims claim 23 wherein the 
size and spacing of the sub-electrodesfis selected such that, during operation of 
the device, the light emitted by the light-emissive device appears to the human 
eye to be continuous in intensity across the whole area of light emission. 

27. An organic light-emissive device comprising a light-emissive organic region 
interposed between first and sedond electrodes for injecting charge carriers into 
the light-emissive organic region, at least one of said first and second 
electrodes comprising: a higjf-resistance first electrode layer adjacent the 
surface of the light-emissiye organic region remote from the other of the first 
and second electrodes, saiti first electrode layer covering substantially the 
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entire area of the surface of the light-emissive organic region remote from the 
other of the first and second electrodes and comprising a high-resistance 
material selected from the group consisting of a mixture of a semiconductor 
material with an insulator material, a mixture of a semiconductor material with 
a conductor material and a mixture of an insulator material with a conductor 
material; and a patterned conductive second electrode layer Adjacent the 
surface of the first electrode layer remote from the light-enjissive organic 
region. 

28. An organic light-emissive device according to claim 27 ^/herein the first 
electrode layer comprises at least one material contain^g an element having a 
low work function. 

29. An organic light-emissive device according to claiga/^8 wherein the element 
having a low work function is calcium or lithium. / ? 

30. An organic light-emissive device according to anWof clainffs 27 to 29 wherein 
the semiconductor material is selected from the group consisting of Ge, Si, a- 
Sn, Se, ZnSe, ZnS, GaAs, GaP, CdS, CdSe, MqS, MnSe, PbS, ZnO, SnO, TiO, 
Ti0 2 , Mn0 2 and SiC. 

31. An organic light-emissive device according t6 any of claims 21/Co 30 wherein 
the insulator material is selected from the group consisting df an oxide, a 
nitride and a fluoride. 

32. An organic light-emissive device according to claim 3 l/\vherein the insulator 
material is selected from the group consisting of A1^0 3 , SiCb, LiO, A1N, SiN, 
LiF and CsF. 

33. An organic light-emissive device according to any of claims 27^0 32 wherein 
the conductor material is a metal. 

34. An organic light-emissive device according to claim 33/^herein the conductor 
material is selected from the group consisting of Al ind Ag. 

35. An organic light-emissive device according to any of claims 27 to 34 wherein 
the first electrode layer is comprised of a mixture selected fi^fm the group 
consisting of LiF/Al, Ca/Ge^i/Si, Ca/ZnO, LiF/ZnSe and CsF/^nS. 

36. An organic light-emissive device according to any of claims 27 to 35 wherein 
the thickness of the first electrode layer is in the range of 0.5 to 1.0 microns. 
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37. An organic light-emissive device according to claim 27 wherein me first 
electrode layer comprises at least one element having ^^ork function greater 
than 4.5eV. / 

38. An organic light-emissive device according to claim 21^^vJm the first 
electrode layer comprises at least one material selected from/the group 
consisting of Au, Pd, Pt and ITO. / 

39. An organic light-emissive device comprising a light-emis/ive organic region 
interposed between first and second electrodes for injecting charge carriers into 
the light-emissive organic region, at least one of said first and second 
electrodes comprising: a high-resistance first electrode layer adjacent the 
surface of the light-emissive organic region remote from the other of the first 
and second electrodes, said first electrode layer formed over substantially the 
entire area of the surface of the light-emissive oroanic region remote from the 
other of the first and second electrodes, and having a thickness greater than the 
light-emissive organic region whereby adverseyeffects of any defects in the 
light-emissive organic region are compensates for by the first electrode layer; 
and a patterned conductive second electrode/iayer adjacent the surface of the 
first electrode layer remote from the light-e/missive organic region. 

40. An organic light-emissive device according to claim 39 wherein the thickness 
of the first electrode layer is in the rm%Jof 0.5 to 1 mipf'on. 

41 . An organic light-emissive device according to claim 39 or claim 40 wherein 
the first electrode layer comprises a material selected from the group consisting 
of a semiconductor material, a mixture of a semiconductor material and an 
insulator, a mixture of a semiconductor material and a conductor material and a 
mixture of an insulator material and a conductor material. 

42. A method of forming an electrode of an organic light-emissive device 
comprising a light-emissive organic region interposed between first and second 
electrodes for injecting chargeycarriers into the light-emissive organic region, 
the method comprising forming one of the first and second electrodes by the 
steps of: first forming a hign-resistance first electrode layer over substantially 
the entire area of the surface of the light-emissive organic region remote from 
the other of the first and second electrodes, said first electrode layer 
comprising a material selected from the group consisting of a semiconductor 
material, a mixture of a/semiconductor material with an insulator, a mixture of 
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a semiconductor material with a conductor material and a mixture of an 
insulator material with a conductor material; and then forming a patterned 
conductive second electrode layer over the surface of said first electrode layer 
remote from the light-emissive organic region. 

43. An organic light-emissive device comprising a light-emissive drganic region 
interposed between first and second electrodes for injecting cWarge carriers into 
the light-emissive organic region, at least one of said first and second 
electrodes comprising: a first electrode layer comprising an insulator material 
adjacent the surface of the light-emissive organic region remote from the other 
of the first and second electrodes; a high-resistance secona electrode layer 
adjacent the surface of the first electrode layer remote frafm the light-emissive 
organic region; and a patterned conductive third electrode layer adjacent the 
surface of said second electrode layer remote from theiirst electrode layer; 
wherein said first and second electrode layers cover substantially the entire 
area of the surface of the light-emissive organic region remote from the other 
of the first and second electrodes; and said second yfelectrode layer comprises a 
high-resistance material selected from the group consisting of a semiconductor 
material, a mixture of a semiconductor material with an insulator material, a 
mixture of a semiconductor material with a conductor material and a mixture 
of an insulator material with a conductor material. 

44. An organic light-emissive device according tp claim 43/&herein the first 
electrode layer comprises a layer of a dielectric materia 

45. An organic light-emissive device according to claim 43 / orclaim 44 wherein 
the first electrode layer comprises a dielectric material containing a low work 
function element. 

46. An organic light-emissive device according to claim 45^herein the first 
electrode layer comprises a layer of it least one dielectric material selected 
from the group consisting of LiO, CsF and LiF. / 

47. An organic light-emissive device according to any of claims 43 to 46 wherein 
the semiconductor material is selected from the group consisting of Ge, Si, a- 
Sn, Se, ZnSe, ZnS, GaAs, GaP/ CdS, CdSe, MnS, MnSe, PbS, ZnO, SnO, TiO, 
TiQ 2 , Mh0 2 and SiC. 
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48. An organic light-emissive device according to any of claims 43 td 41 wherein 
the insulator material of the second electrode layer is selected^fpm the group 
consisting of an oxide, a nitride and a fluoride. 

49. An organic light-emissive device according to claim 48^whe/ein the insulator 
material of the second electrode layer is selected from the group consisting of 
A1 2 0 3 , Si0 2 , LiO, A1N, SiN, LiF and CsF. 

50. An organic light-emissive device according to any of clajins 45^t6 49 wherein 
the conductor material is a metal. 

51. An organic light-emissive device according to claim 505-wherein the conductor 
material is selected from the group consisting of Al wfd Ag. 

52. An organic light-emissive device according to any o/claims 4^to^l wherein 
the thickness of the second electrode layer is in the/ange of 0.5 to 1.0 microns. 

53. An organic light-emissive device according to anVof claims 43 to^fwherein 
the thickness of the first electrode layer is less than lOnm. ' 

54. An organic light-emissive device according to daim^S^wherein the thickness 
of the first electrode layer is less than 5nm. 

55. An organic light-emitting device according t6 claimXwherein the thickness of 
the first electrode layer is in the range of 0j5 to 1 .0 microns. 

56. An organic light-emitting device according to claim 13 j^XS wherein the first 
electrode layer is comprised of a layer of a material selected from the group 
consisting of Ca, Li, Yb, LiF, CsF and LiO. 

57. An organic light-emitting device according to any of claims \3td^\6 wherein 
the thickness of the first electrode laver is in the range of Or5nm to lOnm, 
preferably less than 5nm. 

58. An organic light-emitting device according to any of claims Jkfo 9 wherein the 
organic light-emitting device further comprises a second electrode layer on the 
first electrode layer, said second electrode layer comprising a layer of a 
conductor material, preferablWa layer of a ductile metal. 

59. An organic light-emissive^&Wce substantially as described hereinbefore with 
reference to any of the ac^^npanying drawings. 
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